inner sliding sleeve E which operates the key of the stop-cock through the slotted arm I and is itself operated by friction contact with the sliding rod B. This rod engages the plunger rod C of the syringe, and by means of the adjustable lock-nut L limits its travel. The finger, slipped through the ring A, raises and lowers the plunger rod and operates the stop-cock mechanism. The plunger is surmounted by a slotted sleeve D in which the plunger rod fits loosely and operates the plunger only toward the end of the stroke in either direction. The object of these sliding mechanisms is to turn the key of the stopcock before the plunger moves.
In Text- fig. 4 the instrument is pictured at the end of the downstroke. The stop-cock is open in the direction indicated in Text- fig.  2 . A complete up-and downstroke may be followed in detail. As the finger, slipped through A, raises the plunger rod C, the rod B is raised also, carrying with it, by friction contact, the sleeve E. This sleeve in turn operates the key of the stop-cock through the slotted arm I so that during the travel of E the key turns from position 2 (Text- fig. 2 ) to position 1 (Text- fig. 1 ). During this first part of .the upstroke the plunger does not move, since the plunger rod slides freely in the loose sleeve D. When the stop on C reaches the end of the slot in D, the sleeve E also reaches the frame G, and the key of the stop-cock reaches position 1. The stop-cock is now open for the admission of air to the syringe barrel through the side outlet of the cock and the short rubber tubing K and cotton filter h r.
As the finger continues to raise the plunger rod the plunger is now raised also by the engagement of the stop on the rod in the end of the slot in D. The rod B slides through sleeve E until its travel is stopped by contact of the lock-nut L with sleeve E, which is already in contact with G. The plunger has now risen in the barrel a definite distance, determined by the position of the lock-nut L on the rod B, and a measured quantity of air at atmospheric pressure is contained within the syringe.
On the downstroke the first movement is again that of A, B, E, and I, operating to turn the key of the stop-cock back to position 2. This accomplished, the plunger rod C engages the sleeve D at the bottom of the slot and drives the plunger down. The air in the syringe barrel is expelled into the container O attached to the heavy rubber tubing M, and displaces a corresponding quantity of liquid which is thus delivered by the apparatus. The instrument may be set to deliver any volume of air, and consequently any volume of liquid, within the capacity of the syringe. To set it for a given volume the lock-nut L is loosened and the plunger raised exactly to the desired graduation mark on the syringe barrel. Then the lock-nut is set snugly against the sleeve R, in contact with G, and tightened.
Any sort of container with an inlet for the measured air and an outer for the liquid may be used. The only requirement is that the system shall be air-tight except at the intake and outlet. The instrument may be attached to it directly or through a length of tubing. The elasticity or rigidity of the walls is of no consequence, since the system returns to atmospheric pressure after each delivery.
In immunological tests in which relatively small amounts of liquids are handled, a 5 or l0 cc. pipette may be used. The instrument is operated with one hand, and the pipette held and directed with the other. Larger amounts of liquid may be contained in flasks or bottles with a tightly fitting two-hole rubber stopper and a delivery tube reaching to the bottom. In such instances the instrument may be clamped in a frame and the rod B operated by a pedal, leaving both hands free.
When a pipette is used it is refilled as follows: The plunger is raised to the top of the stroke, and the split thumb-nut ] partly unscrewed. It first releases the slotted arm I, and then, by friction, it turns the key of the stop-cock from position 1 to position 3 (Text- fig. 3 ). The stop-cock is now open from the side outlet to the pipette, which is filled by suction on N. The thumb-nut is again tightened, returning the key to position 1 and locking the arm I in place.
In order to minimize errors in measurement, attention should be given to several precautions in the use of the apparatus. (1) For exact measurements the syringe must be accurately calibrated and the lock-nut carefully set to bring the plunger exactly to the mark. (2) The system must be air-tight. Since the instrument itself need not be sterilized, the stop-cock and plunger may be lubricated with a ]aeavy oil or grease. The addition of a little beeswax to the plunger lubricant keeps the plunger in position at the top of the stroke until it is forced down by contact of the plunger rod. (3) An error is introduced by a difference in level between the surface of the liquid in the container and the point of outlet. Usually this error is negligible. A difference in level of 10 crn. causes an error of about 1 per cent. (4) Care must be taken that the air is not expelled too rapidly into the container so as to force the liquid out under pressure, lest more than the required amount be delivered by its own momentum. This is recognizable by the subsequent retreat of the liquid from the delivery tip, as equilibrium is reestablished. A complete stroke should be up, and then down, for each delivery. A small delivery tip lessens the error due to the adherence of the last drop of liquid. (5) When air and liquid are at different temperatures an error is introduced by expansion or contraction of the measured air on contact with the liquid. For accuracy, therefore, the air and liquid should be at the same temperature. Practically, when the instrument is handled with reasonable care, these sources of error are not encountered.
The facility with which sterile solutions may be measured out without contamination should be emphasized. "The liquid does not pass through the instnnnent, and nothing comes in contact with it but twice filtered air.
SUMM&RY.
An instrument is described by Which aliquot portions of a liquid may be mechanically measured and delivered. It was devised especially for use in immunological experiments, to take the place of a graduated pipette in setting up serum tests. The instrument may be set for any quantity within its capacity and measures sterile liquids without danger of contamination. It may therefore find a wider application in other procedures requiring sterile measurements of small amounts of liquid.
